Supplementary material
fig. S1. Experimental setup for measuring the effect of skimmer temperature on the transmitted beam. The layout (a) includes a pulsed valve, a cryo-cooled skimmer at a variable distance rns downstream of the nozzle, and a residual gas analyzer for measuring beam density at a fixed distance rsd=215mm downstream of the skimmer tip; vacuum chambers are omitted from the illustration for clarity. In the imaging experiments, a high-voltage cylindrical grid, 25mm in length, 15mm in diameter and separated at the base by 5mm from the nozzle, induces a short discharge pulse. A camera records the resulting plasma glow, revealing the shock waves in the density field. A conical copper skimmer (b) is used for density measurement experiments, while a split aluminum skimmer (c) is used for visualization of the internal shock structure. 
